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Resistive and ideal mangnetohydrodynamic (1\IHD) 
theories are insufficient to adequately explain 1\IHD 
phenomena in high-temperature plasma. For the studv 
of kinetic modifications of 1\IHD phenomena in tok~­
maks, it is important to develop a new simulation model 
including kinetic effects. The inertia of electrons, dia-
magnetic effects of electrons and ions, finite gyroradius 
effects of ions, and the Landau damping are examples 
of the kinetic effects ·which can sianificantly modify the b L ~ 
1\IHD phenomena. Those kind of kinetic effects can 
be included by the gyrokinetic particle. gyrofiuid, gyro-
reduced-1\IHD, and hybrid simulations. 
\Ve have developed the gyrokinetic particle codel. 2) 
the gyro-reduced-1\IHD code (GRl\I3D-2F) 3 .-!). and the 
hybrid code (Hybrid3D) 5 ) to study kinetic modification 
of 1\IHD modes. These codes have been coded for the 
rectangular mesh and fast Fourier transformation tech-
nique is used. The linear and nonlinear development of 
the m = 1 (poloidalmode number) and TL = 1 (toroidal 
mode number) kinetic internal kink mode are simulated 
successfully. However it has been felt that the cylindri-
cal model with mode expansions in toroidal and poloidal 
angles would be more powerful to simulate realistic plas-
mas. The mesh accumulation technique in the radial 
direction can be used for the cylindrical code. For ex-
ample, in order to simulate an ·1n = 1 and n = 1 kinetic 
internal kink mode, we must resolve the fine mode struc-
ture of the current perturbation around the q = 1 mag-
netic surface with the characteristic length of the colli-
sionless electron skin depth, de = cjwpe (cis the speed 
of light in vacuum and Wpe is the electron plasma angu-
lar frequency). For the parameters of present day large 
tokamaks, de/ a ( a is a minor radius of a plasma) is less 
than 10-3 . By accumulating radial meshes around the 
q = 1 surface, we can simulate the phvsics includina 
the thin inertial layer by using the moderate numbe~ 
of meshes. Effects of density gradients on the m = 1 
and n = 1 kinetic internal kink mode are studied nu-
merically by the linearized version of GRl\I3F-CY code 
which is the three-field gyro-reduced-1\IHD code in the 
cylindrical geometryG. 7. 
Recently, we have developed the nonlinear version of 
GRl\13F-CY code. Helical symmetry is assumed. The 
temporal evolution of the electrostatic potential, lon-
gitudinal component of the vector potential, and the 
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electron density are numerically calculated. The finite 
difference method is used in the radial direction, while 
the quasi-spectral method is used in the poloidal and 
toroidal directions. The case with Ps (Ps is the ion Lar-
mor radius estimated by the electron temperature) is 
larger than de is studied. The nonlinear acceleration of 
the growth rate of the m = 1 and n = 1 internal kink 
mode is observed. The topology of the reconnection 
layer is changed from the Y-type to the X-type 'vhen 
the growth rate is increased from the linear grmvth rate. 
This is considerd as one of the bifurcation phenomena. 
To make clear the mechanism why the topology changes 
from the Y-t~ype to the X-type is our aim of the study. 
Full magnetic reconnection followed by the second phase 
is observed. The large E x B flow which remains after 
the full reconnection drives the peripheral plasma into 
the core region. The configuration with qo < 1 ( q0 is the 
safety factor at the magnetic axis) is re-formed after the 
new magnetic reconnection. The topology of the nevv 
magnetic reconnection is again X-type. (In the simu-
lation with Ps = 0. we observed only Y-type magnetic 
reconnection.) 
\Vhen there is a density gradient. the linear growth 
rate is small. However, we obseiTed the acceleration of 
the grmvth rate even in this case. \Ve have also observed 
that in the second phase the core plasma is positively 
charged. This is because electrons E x B drifts into 
the core region slower than ions due to the faster mo-
tion along the magnetic field (electron compressibility). 
The result is consistent with that of the gyrokinetic par-
ticle simulation8 ). The study of the detailed parameter 
dependence is underway. 
The development of the full three-dimensional gyro-
reduced-1\,IHD code in the cylindrical geometry is our 
project in the near future. 
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